Introduction
It is estimated that 50% of infertility cases are due to male infertility (De Kretser and Baker 1999; Dohle et al. 2005; Guzick et al. 2001; Walsh et al. 2009 ). One of the main infertility causes is impaired spermatogenesis (Swan et al. 2000) . In this regard, several factors are involved. One of the these factors is genetic (Yang et al. 2006) . Yq microdeletion and chromosomal abnormality have important role in causing male infertility (Totonchi et al. 2012 ). Moreover, mutations in different genes are involved in male infertility, but the underlying molecular mechanism for impaired spermatogenesis is unclear. In recent years, different studies have focused on the role of micro RNAs in spermatogenesis process (Maatouk et al. 2008; Björk et al. 2010; Bouhallier et al. 2010) .
A microRNA is a small non-coding RNA molecule containing about 22 nucleotides. The majority of microRNAs are located within the cell, but some of them, commonly known as circulating microRNA or extracellular microRNA, have also been found in extracellular environment, including various biological fluids and cell culture media (Ambros 2004; Bartel 2004) . The main role of microRNA is gene expression down-regulation through base pairing in the 3′ un translated regions. Called that one-third of human genes are regulated by microRNA (Bartel 2009 ). As much as 40% of microRNA genes may lie in the introns of protein and nonprotein coding genes or even in exons of long non proteincoding transcripts (Lee et al. 2004) . MicroRNA genes are usually transcribed by RNA polymerase II (Pol II) (Rodriguez et al. 2004; Zhou et al. 2007) . MicroRNAs are initially transcribed as a hairpin structure that calls primary micro-RNA (pri-miRNA) (Cai et al. 2004) . In maturation process, DROSHA is a protein that cuts RNA; to form the microprocessor complex. Pre-microRNA hairpins are exported from the nucleus in a process involving the nucleo cytoplasmic Exportin-5 shutter (Lee et al. 2003; Faller et al. 2008 ). In the cytoplasm, the pre-microRNA hairpin is cleaved by the DICER1 as a RNase III enzyme and finally after some process procedures pre mature microRNA converted to mature form (Park et al. 2011) .
The most common human disease known to be associated with microRNA deregulation is chronic lymphocytic leukemia (Musilova and Mraz 2014) . Many other microRNAs also have links with cancers (Musilova and Mraz 2014) and accordingly are sometimes referred to as "oncomirs". Altered expression of testis specific microRNAs, has been reported in male infertility disorders (Jie et al. 2009 ). Considering the role of microRNA in spermatogenesis procedure, occurrence of any polymorphism in genes which are involved in biogenesis of microRNA might lead to infertility. Zhang et al. (2011) were the first team who reported a relation between microRNA-binding site SNP and idiopathic male infertility. Recently, more studies have noted genes which are involved in microRNA biogenesis process. These genes, in these studies, take part in either progression or prognosis of some diseases. Different studies have shown that DICER1 and DROSHA play crucial roles in the processing of microRNA precursors (Bagga et al. 2005; Lim et al. 2005 ). Accordingly, It was shown that occurring mutation in DICER1 gene is associated with luteal deficiency and female infertility (Otsuka et al. 2008) . It was also shown that aberrant expression of DICER1 in sertoli cells leads to infertility due to the complete absence of spermatozoa (Papaioannou et al. 2009 ). In another study in 2012, it was reported that some polymorphisms of DROSH and DICER1 genes are associated with oligospermia and abnormal semen parameters in Chinese population (Qin et al. 2012 ). But we have no report regarding the association of DROSH and DICER1 genes polymorphisms with male infertility among the Iranian population. So, given that the function of DICER1 and DROSHA are essential for normal biological process including spermatogenesis, and the relation of polymorphisms of these genes with infertility has been shown in other population, in this research we evaluated the association of some polymorphisms of DICER1 and DROSHA genes with male infertility in Iranian population.
Materials and methods

Subjects
This case-control study was approved by the Ethical Committee of the Faculty of Medical Sciences of Qazvin Medical Science University (Qazvin, Iran) and patients gave their informed written consent. We obtained samples during 2013-2015 years from fertility and infertility center of Shariati Hospital, Tehran, Iran. Our samples were 385 patients with a history of primary infertility. In these patients the mean age was 31.5 ± 3.8 years. We obtained blood samples from 3 groups of infertile men, asthenospermic (n = 120) men with low rate of sperm motility (A + B < 32%), oligospermic men (n = 130) with low sperm concentration (<15 × 10 6 /ml) and azoospermic men (n = 135) with no sperms in their semen based on world health organization (WHO 2010) ( Table 1 ). All of the infertile participants had a fertile female partner and infertility of men was proven according to extensive infertility evaluation. These infertile individuals were not previously diagnosed with any conditions connected with infertility (e.g., cystic fibrosis, Klinefelter syndrome, varicocele, chemotherapy, AZF genes micro deletions, etc.). We had age-matched fertile men (n = 120) with a mean age of 34 ± 3.8 years served as a control group. Our control group had fathered at least one child and had normal semen quality according to (WHO 2010) guidelines at the time of recruitment. Our criteria for normal semen quality were sperm concentration >15 × 10 6 /ml, sperm motility grade A + B >32%, normal morphology >4% and/ or semen volume >1.5 ml. In azoospermia men LH and FSH level was significantly higher than fertile samples (P = 0.003), but mean of LH and FSH concentration among the infertile men had not significant difference in compared to fertile one , s (P = 0.32, P = 0.085). In this research, testis tissues were obtained from men with non-obstructive azoospermia to polymorphisms and gene expression study on the testicular biopsies. These patients were candidates for testicular sperm extraction (TESE) technique and histologically over 60% of samples had maturation arrest. In this regard, control samples were 24 patients with obstructive azoospermia after vasectomy; biopsies were carried out for diagnostic reasons during vasectomy reversal. These biopsies revealed normal spermatogenesis and served as controls.
Genotyping
In this research we used Dyna Bio ™ blood/tissue DNA Extraction Mini Kit (Takapouzist, Tehran, Iran) for DNA extraction from peripheral blood lymphocytes and testis tissues. Primer sets were designed and optimized (Table S1 ). We used Sanger method using ABI 3730XL Capillary Sequencer to sequence PCR products. Sequencing results were compared with the sequence of normal DICER1 (NC_000014.9) and DROSH (NC_000005) genes sequence obtained from NCBI website: http://www.ncbi.nlm.nih.gov; also, sequences were assembled using Chromas software (version 2.4).
Study of DICER1 gene expression on blood and tissue samples
RNA was extracted with an RNeasy Mini Kit (Qiagene, Germany) from blood and tissue samples of 135 azoospermic men. After frozen, testis tissues are homogenized using an Ultrasonic Processor UP100H (Hielsher, Germany). The extracted RNA was then frozen at −80 °C. Nano Drop 2000c (Thermo, USA) was used to evaluate the quality and quantity of isolated total RNA. In this case, RNA samples with A260/ A280 ratios of >2 were selected for quantitative analysis. For first strand complementary DNA (cDNA) synthesis we used Revert Aid First Strand cDNA Synthesis Kit (Thermo Scientific, Fermentas, Waltham, MA, USA). Two target genes DICER1 and GAPDH (as internal control) were amplified with these primers: DICER1, Forward:5′-TTA ACC TTT TGG TGT TTG ATG AGT GT-3′, Reveres: 5′-GGA CAT GAT GGA CAA TTT TCACA-3′. GAPDH, F: 5′-TCA AGA AGG TGG TGA AGC AG-3′, R: 5′-CGC TGT TGA AGT CAG AGG AG-3′. After cDNA synthesis, Real time PCR assay was carried out in final reaction volumes of 20 µl with 10 µl of Taq man master mix (Takara, Shiga, Japan), 0.2 µM of forward and reverse primers, and 2 μl of cDNA. Thermal cycling was performed on ABI-7500 (Applied Biosystems, Foster, CA, USA) sequence detection system using the following cycling condition: 30 s at 95°C as first denaturation step, followed by 40 cycles at 95 °C for 5 s and 60 °C for 34 s. The 2 −ΔCT method of relative quantification was used to determine the fold change in expression. This was performed by normalizing the resulting cycle threshold (CT) values of the target mRNAs to the CT values of the internal control (Gapdh) in treated and untreated samples (ΔCT = CT target −CT Gapdh ) (Schmittgen and Livak 2008) .
Statistical analysis
We used Prism (version 3) software to perform statistical analysis. Computing the odds ratio (OR) at 95% confidence intervals (95%CI) from logistic regression analyses to study the association between genotypes and infertility was used. The Hardy-Weinberg equilibrium was tested for polymorphisms. On the other hand, one way analysis of variance (ANOVA) carried out to determine the significant differences in expression ratio between the studied groups. P value of <0.05 was considered as statistically significant. Bonferroni adjustment for multiple testing was applied. The rather stringent Bonferroni adjustment, nevertheless returned a spot P value of <5%.
Results
Association between different genotypes distribution of DICER1 and DROSHA SNPs with the studied samples
In this case-control study we evaluated different genotypes frequency of three SNPs in DROSHA (rs10719, rs642321and rs2291102) and four SNPs in DICER1 (rs1057035, rs1057035,rs13078and rs3742330) genes. The association of studied SNPs with different types of male infertility presented in Tables 2 and 3 . In DROSHA gene, we observed no significant difference in genotypes and alleles frequency of rs10719, rs642321 SNPs between fertile and infertile men, ( Table 2 ). The rs2291102 showed significant association with the risk of oligospermia (P = 0.019) ( Table 2 ). This significant difference was not retained after Bonferroni adjustment. Logistic regression analysis results in DICER1 gene showed that CC genotype frequency of rs1057035 SNPs in azoospermic men (44.3%) was significantly higher than fertile men (16.1%) 1.26(1.13-1.51) (P = 0.000). CC genotype displayed 1.26 fold increased risk of azoospermia. Also C allele frequency of this polymorphism was significantly high in azoospermic men (65%) in comparison to fertile ones (43.8%) 1.49(1.26-1.88) (P = 0.0). These significant differences were retained after Bonferroni correction. Frequency of different genotypes of rs1057035 polymorphism in DICER1 gene did not show significant difference among the other infertile groups in compared to fertile on , s (Table 2 ). Genotypes and alleles of other studies SNPs in DICER1 gene (rs12323635, rs13078, rs3742330) showed no significant association with infertility. Association of rs1057035 T > C polymorphism with azoospermia in testis tissue.
Regarding rs1057035 T > C polymorphism, we also observed significant high frequency of CC genotype and C allele in blood samples of azoospermic men in comparison (Table 4) .
Expression of DICER1 gene in blood and testis samples
Since we observed high frequency of rs1057035 T > C polymorphism in DICER1 gene in blood and germ cells of azoospermic men, in other section of this study, we evaluated DICER1 mRNA expression ratio in blood and testis tissues of studied samples. About the blood samples, our results showed a significant under expression (2 −ΔCt = 0.39) of this gene in azoospermic patients in comparison to fertile men (P < 0.05). But there was not significant difference in expression of DICER1 gene in the oligospermic and asthenospermic men in compared to fertile ones (P > 0.05) (Fig. 1a) . Expression ratio study in blood samples of azoospermic men, between men with and without C allele in rs1057035T > C polymorphism, showed that there was no significant difference between these two groups (P > 0.05) (Fig. 1b) .
In testicular tissues of azoospermic men, the fold change of DICER1 transcripts was significantly lower than testis tissues of fertile men (2 −ΔCt = 0.65) (P < 0.05) (Fig. 2a) . Evaluation of mRNA expression in testicular tissues of men with and without C allele in rs1057035 T > C polymorphism showed no significant difference between them (P > 0.05) (Fig. 2b) .
Discussion
In this study, we evaluated different genotypes frequency of seven SNPs in DICER1 (rs12323635, rs1057035, rs13078 and rs3742330)and DROSHA (rs10719, rs642321 and rs2291102) genes. These genes are very important for microRNA biogenesis. Our results showed that CC genotype of rs1057035 polymorphism in DICER1 gene is associated with azoospermia among our studied population. Expression study of this gene indicated that DICER1 had under expression in blood and testis tissues of azoospermic men. This research, as far as is known, is the first study which evaluated association between DICER1, DROSHA genes variants and male infertility among Iranian population. In recent years, several studies have investigated the association of DICER1, DROSHA genes variants with different diseases such as colorectal cancer (Cho et al. 2015) , lymphoma (Tian et al. 2014 ), leukemia (Martin-Guerrero et al. 2013 , bladder cancer (Yuan et al. 2010) , recurrent abortion (Jung et al. 2015) , azoospermia (Qin et al. 2012; Fu et al. 2016 ) and etc. In connection with the role of these genes in spermatogenesis process, Kim et al. (2010) reported that DICER1 protein is required for Sertoli cell function, survival and spermatogenesis in mice. About the main function of DICER1 gene in spermatogenesis, Romero et al. (2011) indicated that DICER1 is required for germ cell differentiation through the meiotic and haploid phases of spermatogenesis. Liu et al. (2012) showed, blocks the germ cells in the stage of round spermatids to a large extent, in DICER1 knockout mice. The function of DICER1 protein in cell-cell junction of somniferous epithelium was shown in another study Korhonen et al. 2011) . In 2014, the essential role of DICER1 in spermatogenesis was shown by Zimmermman et al. Unlike the Qin et al. (2012) study, which showed no effect of rs1057035 polymorphism on the Chinese population fertility, we observed association of rs1057035 polymorphism with azoospermia among the studied samples. This difference in results of two population is because of adaptation of the various genotypes to different race and ethics (Varela and Amos 2010) . In regard to the main role of DICER1 with impaired spermatogenesis and azoospermia, Hayashi et al. (2008) observed many apoptotic spermatocytes in defective seminiferus tubules of DICER1 knockout mice; this imply that one of the functions of DICER1 is sperm cells survival in the spermatogenesis process. Generally, in embryogenesis stage, 17-92 micro RNA express in primary germ cells, and these micro RNAs are very important for apoptosis process and proliferation of spermatogonia. Bioinformatics evaluation results have revealed that rs1057035 polymorphism occurs in 3′ UTR region, and changes the binding sites of other micro RNA and have no effect on the expression ratio of this gene (Qin et al. 2012) . To reaffirm this hypothesis, our data showed that in spite of significant under expression of DICER1 gene in testis and blood samples of azoospermic men, there was no significant difference in expression ratio of this gene in samples with and without C allele. This down regulation is probably as a result of other polymorphisms that occur in promoter region and affects the expression of this gene. In Qin et al. (2012) study, protective effect of CC genotype and C allele of rs12323635 polymorphism were indicated. But, we observed no significant difference in CC genotype frequency of this polymorphism between infertile and fertile men.
In the other section of this study, we showed that in rs1057035 polymorphism, 4% of patients which had normal TT genotype in their blood samples had CT or heterozygote genotype in their testis tissues, or in other words, C allele frequency was different between blood and germ cells samples. Incompatibility in mutation frequency between blood and germ cells has been shown in diverse studies. In this regard, Dada et al. (2007) have shown high frequency of Yq microdeletion in sperm samples of patients in comparison to their blood samples. Khazamipour et al. (2009) showed MTHFR gene methylation in testis tissues of azoospermic patients only. Najafipour et al. (2016) showed non concurrence in the frequency of TT genotype in YBX2 G/T(rs222859) polymorphism between blood and sperm samples. These results revealed that screening of mutations in genes which are involved in spermatogenesis in blood samples only is not sufficient. It is better to screen sperm samples too.
In conclusion, in this research, of seven polymorphisms which were studied in DICER1 and DROSHA genes, only one of them (rs1057035 T > C) in DICER1 gene was associated with male infertility (azoospermia). In spite of under expression of DICER1 gene in blood and testis tissues of azoospermic men, occurrence of rs1057035 T > C polymorphism has not significant effect on down regulation of this gene. In regard to incompatibility of our results in comparison to Chinese population and since two study have been done in this area until now, to obtain a certain result, this evaluation must be done among other populations with different races and ethnicities. a in blood samples of studied men, in spite of significant under expression of this gene in azoospermic patients (P < 0.05), there was not significant difference in gene expression ratio between men with and without rs1057035 polymorphism C allele (P > 0.05). b Shows significant under expression of this gene in testis tissue of azoospermic patients compared to control group (P < 0.05). Also in testis tissue there was not significant difference in gene expression ratio between men with and without rs1057035 polymorphism C allele (P > 0.05)
